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We investigated progressive telomere shortening in
normal human epidermis and lingual epithelium
during aging, and attempted, in particular, to ascertain
whether the telomere shortening that accompanies
aging occurs at the same rate in di¡erent tissues.We stu-
died telomeric DNA integrity, and estimated annual
telomere loss, in 52 specimens of epidermis and 48 spe-
cimens of lingual epithelium collected at autopsy from
subjects who had died at ages between 0 and 101 y. Most
of the DNA samples were measured twice by southern
blot hybridization. In addition, the correlation between
telomere lengths in the two types of tissues was exam-
ined. The telomere reduction rates in epidermis
and lingual epithelium were 36 bp and 30 bp per y,
respectively, and these were signi¢cantly di¡erent.
The rates obtained by the second measurements in
epidermis and lingual epithelium were 39 and 32 bp
per y, respectively, and these were also signi¢cantly
di¡erent. The mean telomere lengths in the epidermis
of eight neonates and the lingual epithelium of seven
neonates were 13.271.0 and 13.871.0 kb, respectively.
Comparison of telomere lengths in the two tissues for
41 paired samples showed that the mean telomere
length in the epidermis (10.772.3 kb) was less than that
in the lingual epithelium (12.472.5 kb); however, statis-
tical analysis revealed a very signi¢cant relationship
between epidermal and lingual epithelial telomere
length (r¼ 0.842, po0.0001). These results indicate that
the telomeres in epidermis and lingual epithelium
are characterized by tissue-speci¢c loss rates. Key words:
cell senescence/human aging/skin/telomerase/tongue. J Invest
Dermatol 119: 1014^1019, 2002
H
uman somatic cells are known to have a limited
proliferative life span (Hay£ick’s limit) when seri-
ally cultured in vitro (Hay£ick and Moorhead, 1961;
Hay£ick, 1965).When they approach this limit, they
cease to replicate and exhibit a state of replicative
senescence. Replicative senescence in vitro is due at least in part
to telomere shortening, because it can be bypassed by transfection
with the enzyme telomerase (Bodnar et al, 1998). The human
telomere is a simple repeating sequence of six bases, TTAGGG
(Moyzis et al, 1988), located at the ends of chromosomes, and is
thought to protect them from degeneration, reconstruction, fu-
sion, and loss (Blackburn, 1991); it may also be involved in homo-
logous chromosome pairing (Harley et al, 1990). The telomere
hypothesis of cellular aging suggests that telomere shortening in
the absence of telomerase is the mitotic clock for replicative
senescence in normal somatic cells (Harley et al, 1992). As short-
ening becomes critical for a telomere on a particular chromo-
some, the chromosome becomes unstable and the cell stops
dividing. In addition, telomere shortening is accelerated by active
oxygen species and ultraviolet radiation, which are thought to be
major environmental causes of human telomere shortening (von
Zglinicki et al, 1995). Nevertheless, as human dermal ¢broblasts of
100-y-old individuals still have a telomere length of 6^7 kb and
retain proliferative capacity for about 20 doublings (Allsopp et al,
1992), they have not reached the limit of their proliferative capa-
city or of telomere shortening even at such an advanced age. The
telomere length of human peripheral blood lymphocytes de-
creases with age and shortens to about 5 kb in some individuals
after age 60 y, but no individuals have been found with a mean
telomere length of less than 5 kb, even among 100-y-olds (Vaziri
et al, 1993; Iwama et al, 1998). Systematic quantitative measurement
of terminal restriction fragment (TRF) length as a function of
age has never been studied in the lingual epithelium; for the hu-
man epidermis, Lindsey et al (1991) and Friedrich et al (2000) re-
ported studies of a small number of subjects. Consequently, more
data are required for these tissues to support or refute the hypoth-
esis that telomere shortening in human tissues is a cause of
human aging.We have been interested in determining whether
signi¢cant telomere shortening occurs in very rapidly replaced
tissues, e.g., the gastrointestinal mucosae (Takubo et al, 1999;
Furugori et al, 2000; Nakamura et al, 2000), in slowly replaced tis-
sues, e.g., the thyroid and parathyroid glands (Kammori et al,
2002b), liver (Takubo et al, 2000), kidney, and spleen, and in static
tissues, e.g., the brain and myocardium (Takubo et al, 2002).We
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chose the epidermis and lingual epithelium as further examples
of tissues that are rapidly replaced under normal conditions, in
addition to the gastrointestinal mucosae, and measured TRF
length by southern blot analysis as an indicator of the telomere
length of these tissues.
SUBJECTS AND METHODS
Subjects, tissues, and DNA samples After death, all subjects
examined were kept refrigerated at 31C until autopsy. Epidermis was
obtained from the abdominal skin near the navel, and lingual epithelium
was obtained from the lingual margin. The epidermis and lingual
epithelium were carefully separated macroscopically from the dermis and
lingual subepithelial tissue.The tissues adjacent to all areas of epidermis and
lingual epithelium sampled were histologically examined by specialists
in anatomical and surgical pathology (K.T., M.S., and T.A.), and
tissues exhibiting marked retention of dermis or lingual subepithelial
tissue, marked accumulation of in£ammatory cells, and/or autolysis were
excluded.
Undegraded DNA samples from epidermis (52 subjects; 20 men and 32
women aged between 0 and 101 y) and lingual epithelium (48 subjects; 19
men and 29 women aged between 0 and 101y) were mostly obtained from
subjects autopsied at either the Tokyo Metropolitan Geriatric Hospital or
the Japanese Red Cross Medical Center. Both types of tissue were
sampled from 41 of the individuals (15 men and 26 women aged between
0 and 101 y). Additionally, in order to recon¢rm the results of the ¢rst
experiment, in cases where enough of the DNA sample remained, 34
samples (14 men and 20 women aged between 0 and 100 y) of epidermis
and 43 samples (16 men and 27 women aged between 0 and 97 y) of
lingual epithelium were subjected to measurement of telomere length as
the second experiment. Also, both types of tissue were sampled from 21
of the individuals (seven men and 14 women aged between 0 and 94 y) in
the second experiment. It was di⁄cult to obtain tissues from younger
autopsied individuals in their 20s, 30s, and 40s because of the low death
rate in this age group in Japan; only four such subjects could be examined.
All samples were collected in the autopsy room, frozen rapidly in liquid
nitrogen, and stored at 801C until use. The study protocol was approved
by the Tokyo Metropolitan Institute of Gerontology Ethical Committee.
Family members of all those autopsied provided signed written consent
for the collection of the subjects’ organs and tissues for educational and
scienti¢c use, including DNA analysis.
Examination of DNA degradation Genomic DNA was prepared
from each sample by treatment with proteinase K and sodium dodecyl
sulfate (SDS), followed by repeated phenol^chloroform extraction. In
preliminary experiments with genomic DNA from all samples, pulse-
¢eld gel electrophoresis (Schwartz and Cantor, 1984) was performed in
1.0% (wt/vol) agarose (BMA Products, Rockland, ME) gels, using the
Geno¢eld system (ATTO, Tokyo, Japan), a biased sinusoidal ¢eld gel
electrophoresis system, to examine postmortem autolytic changes. The
genomic DNA was subjected to electrophoresis at room temperature for
7 h in TBE bu¡er [0.5Tris^boric acid^ethylenediamine tetraacetic acid
(EDTA)] using a 2.5 V per cm direct current and a 9.8 V per cm
alternating current. The polarity alternation frequencies were 0.07 Hz
(initial) and 0.3 Hz (¢nal) with a logarithmic gradient. Only DNA of
more than 100 kb was used in this study.
Measurement of TRF length by southern blotting We used the
standard method to measure telomere TRF length. A 5 mg sample of
DNA was digested with the restriction enzyme HinfI (Boehringer
Mannheim Biochemica, Germany), and complete cutting by the enzyme
was con¢rmed by electrophoresis of DNA digests on 0.8% (wt/vol)
agarose gels overnight at 20 V AC. Fractionated DNA fragments were
transferred to nylon membranes (Hybond-Nþ ; Amersham, U.K.) by
an alkaline transfer technique that used capillary blotting, followed
by hybridization for 12 h at 501C in an appropriate solution [6 SSPE
(1: 0.15 M NaCl, 10 mM sodium phosphate, 1 mM EDTA, pH 7.4),
1% (wt/vol) SDS] with a (TTAGGG)4 probe labeled by [g-
32P]ATP
(Amersham) at the 50 end with T4 polynucleotide kinase (Toyobo, Japan).
Membranes were washed in 2 sodium citrate/chloride bu¡er (SSC; 1:
NaCl 17.55 g per l, sodium citrate 8.82 g per l) at room temperature and
then in 6 SSC, 0.1% SDS at 501C for 15 min while being shaken. After
drying the membranes with ¢lter paper, Fuji Imaging Plates (Fuji Photo
Film, Japan) were exposed to them for 20 min at room temperature.
A BAS-2500 Mac image analyzer (Fuji Photo Film) and the program’s
Image Reader (version 1.1, Fuji Photo Film) and Mac Bas (version 2.4,
Fuji Photo Film) were used for the analysis. We estimated mean TRF
length at the peak position of the hybridization signal in each lane; TRF
lengths were determined by comparing the positions of maximum
radioactivity in each lane with those of molecular size markers, as
described previously (Hastie et al, 1990; Allsopp et al, 1995; Hiyama et al,
1996; Takubo et al, 1999; 2000; 2002; Furugori et al, 2000; Nakamura et al,
2000). For simplicity,TRF length was recorded as telomere length.
Telomeric repeat ampli¢cation protocol (TRAP) assay (Kim et al,
1994) Lysates were prepared by powdering tissues frozen under liquid
nitrogen, followed by homogenization in 200 ml of ice-cold lysis bu¡er
[10 mM TrisHCl (pH 7.5), 1 mM MgCl2, 1 mM ethyleneglycol-
bis(b-aminoethyl ether)-N,N,N0,N0-tetraacetic acid (EGTA), 0.1mM phenyl-
methylsulfonyl £uoride, 5 mM b-mercaptoethanol, 0.5% CHAPS, 10%
glycerol] and incubation for 30 min on ice. After the incubation, the
lysates were centrifuged at 10,000 g for 20 min at 41C and the super-
natant and precipitate were rapidly frozen separately and stored at 801C.
Protein concentration of the supernatant was determined by the Bradford
assay (Bio-Rad, Hercules, CA). Assay tubes were prepared by sequestering
0.1 mg of CX primer (50 -CCCTTACCCTTACCCTTACCTAA-30) under a
wax barrier (Ampliwax; Perkin-Elmer Cetus, Foster City, CA). The
extracts, equivalent to 6 mg protein, were assayed in 50 ml of reaction
mixture containing 20 mM Tris^HCl (pH 8.3), 1.5 mM MgCl2, 63 mM
KCl, 0.005% Tween 20, 1 mM EGTA, 50 mM dNTPs, 150 kBq
[a-32P]dCTP, 0.1 mg of TS primer (50 -AATCCGTCGAGCAGAGTT-30)
(United States Biochemicals, Cleveland, OH), 1 mg T4 gene 32 protein
(Boehringer Mannheim, Germany), and 2 units of Taq DNA polymerase
(Gibco-BRL, Gaithersburg, MD). After a 30 min incubation at room
temperature for telomerase-mediated extension of the TS primer, the
reaction mixture was heated at 901C for 90 s and then subjected to 31
polymerase chain reaction (PCR) cycles of 941C for 30 s, 501C for 30 s,
and 721C for 45 s. The PCR product was then electrophoresed on a 10%
polyacrylamide gel at room temperature for 3 h using 200 VAC.
Statistical analysis Di¡erences in mean value were assessed for
signi¢cance by Student’s t test and for correlations by Fisher’s test, which
have been used in many previous reports on annual telomere reduction
rates in human tissues or organs.
RESULTS
DNA samples Figure 1(a) shows the results of pulse-¢eld gel
electrophoresis of genomic DNA from ¢ve subjects: a neonatal
male, a 51-y-old female, a 68-y-old female, a 92-y-old female,
and a 101-y-old female. All DNA samples were more than
100 kb. DNA samples of less than 100 kb were not considered
for southern blot analysis and excluded from the study.
Telomeric DNA revealed by southern blot analysis Figure 1(b)
shows a representative southern blot analysis of epidermis and
lingual mucosa from the ¢ve subjects in Fig 1(a). Southern blotting
yielded smears of telomeric DNA instead of narrow bands. In the
¢rst experiment, mean telomere length in the epidermis of 52
subjects and lingual mucosa of 48 subjects was 11.172.4 kb and
12.572.4 kb, respectively. In the second experiment, mean telomere
length in epidermis of 34 subjects and lingual mucosa of 43 subjects
was 11.172.4 kb and 12.172.2 kb, respectively.
Large di¡erences in telomere lengths in neonatal subjects
Telomere length in the epidermis of eight neonates and the
lingual epithelium of seven neonates ranged from 11.7 to 14.8 kb
and from 12.0 to 15.1 kb, respectively (Fig 2). Large di¡erences in
telomere lengths were demonstrated in the epidermis and lingual
epithelium of the neonatal subjects. Mean telomere length in
the epidermis of the eight neonates and the lingual epithelium
of the seven neonates was 13.271.0 and 13.871.0 kb, respectively,
and the di¡erence was not signi¢cant. The y intercept of the
regression relationship allows estimation of telomere length at
birth, and the telomeres in the epidermis and lingual epithel-
ium were estimated to be signi¢cantly shorter than at birth
(po0.0001) (Fig 3). In 39 (95.1%) of the 41 specimens, the
telomeres in the epidermis were shorter than in the lingual
epithelium, with di¡erences of 0.3^4.2 kb between them (mean
1.8 kb). Also, epidermal telomere length was signi¢cantly less
than lingual epithelium telomere length (po0.0001).
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Regression of telomere length with aging, and correlation of
the lengths in the two tissues Calculation from a regression
analysis showed that the rate of reduction was 36 bp per y in the
epidermis of 52 subjects and 30 bp per y in the lingual epithel-
ium of 48 subjects. Telomere length in both the epidermis
and lingual epithelium was reduced signi¢cantly with age
(r¼0.510, po0.0001; r¼0.406, p¼ 0.0038) (Fig 3). In the
second experiment, calculation from a regression analysis showed
that the rate of reduction was 39 bp per y in the epidermis of
34 subjects and 32 bp per y in the lingual epithelium
of 43 subjects, and that telomere length in both the epidermis
and lingual epithelium was also reduced signi¢cantly with
age (r¼0.560, p¼ 0.0004; r¼0.461, p¼ 0.0016) (Fig 3).
Estimated telomere lengths in the epidermis and lingual
epithelium at birth (y intercepts) were 13.3 kb and 14.4 kb,
respectively, in the ¢rst experiment. Calculation from a regres-
sion analysis revealed that, in the epidermis of the 44 subjects
more than 40-y-old, the rate of reduction was 39 bp per y, which
was signi¢cant (r¼0.369, p¼ 0.013). In the lingual epithel-
ium, the rate in the 40 subjects more than 40-y-old was 73 bp
per y, which was also signi¢cant (r¼0.441, p¼ 0.004).
In the data for the ¢rst and second experiments, correlations
were found between telomere lengths in the paired epidermis
and lingual epithelium samples obtained from the 41 subjects
(r¼ 0.842, po0.0001) and from the 21 subjects (r¼ 0.933,
po0.0001) (Fig 4).
Telomerase assay We also examined telomerase activity in
epidermis and lingual epithelium, and demonstrated its presence
in one (8.3%) of 12 and four (33%) of 12 samples, respectively
(Fig 5).
DISCUSSION
The major ¢ndings of this study were that the telomere reduction
rates in epidermis and lingual epithelium were 36 and 30 bp
per y, respectively, which were signi¢cantly di¡erent, and com-
parison of telomere lengths in the two types of tissue showed that
the mean telomere length in epidermis was shorter than in lin-
gual epithelium in the ¢rst experiment. Statistical analysis re-
vealed a very signi¢cant relationship between epidermal and
lingual telomere lengths.These data were recon¢rmed by the sec-
ond experiment. Although southern blotting is a rather rough
method for measurement of DNA length, the data obtained from
the ¢rst and second experiments demonstrated that telomere
shortening occurs with aging in both tissues and that telomere
length shows a correlation between the two tissues.
It has occasionally been reported that rapid telomere loss occurs
in the young, whereas only slow reduction is typical in the el-
derly. Frenck et al (1998) reported that rapid loss of telomeres in
peripheral blood cells of young individuals contrasted with a
much slower rate of loss in older adults. In our previous reports
(Takubo et al, 1999; 2000), esophageal mucosa and hepatic tissue
were suggested to exhibit rapid reduction of telomere length in
the young. Our data for epidermis and lingual epithelium after
40 y of age do not support the previous ¢ndings.
As contamination with other cell types is always a problem in
studies measuring telomere length in human tissues or organs
(Lindsey et al, 1991; Greider, 1996; Takubo et al, 2000) as opposed
to measurements in cultured cell lines, in this study we avoided
epidermis and lingual epithelium samples containing many in-
£ammatory cells or much connective tissue adjacent to epidermis
and lingual epithelium. Histologic observation con¢rmed that
most of the DNA samples we used originated from the epidermis
and lingual epithelium. The telomeres in almost every type of
human tissue, with the exception of immortal, carcinomatous,
and germ cells, are thought to shorten with each cell division
(Blackburn, 1991; Levy et al, 1992; Greider, 1996). Human telomere
shortening with aging has been reported in peripheral lympho-
cytes (Son et al, 2000), skin ¢broblast-like cells (Allsopp et al,
1992), epidermal cells (Lindsey et al, 1991; Friedrich et al, 2000),
peripheral blood cells (Hastie et al, 1990; Frenck et al, 1998; Iwama
et al, 1998), the brain (Allsopp et al, 1995), esophageal mucosa
Figure1. Geno¢eld gel electrophoresis of genomic DNA and repre-
sentative southern blot analysis of the two tissue types. (a) Geno¢eld
gel electrophoresis of genomic DNA from epidermis and lingual mucosa
was used to assess DNA degradation. DNA samples containing bands less
than 100 kb were not used for southern blot analysis and were excluded
from this study. All 10 DNA samples in this ¢gure (left 10 lanes), however,
far exceeded 100 kb. (b) Representative southern blot analysis of the two
tissues from ¢ve subjects: a neonatal male, a 51-y-old female, a 68-y-old
female, a 92-y-old female, and a 101-y-old female. Telomeric DNA appears
as wide smears in all lanes. After HinfI digestion of DNA samples of more
than 100 kb,TRF length in epidermis and lingual epithelium was demon-
strated to be 12.4 and 13.9 kb, respectively, in the neonatal male, 15.9 and 18.2
kb in the 51-y-old female, 12.3 and 13.4 kb in the 68-y-old female, 10.7 and
12.1 kb in the 92-y-old female, and 11.1 and 13.4 kb in the 101-y-old female.
The left lane is a size marker. Age, years old; M, male; F, female; E, epider-
mis; L, lingual epithelium.
Figure 2. Southern blots of epidermis specimens from eight
neonates and of lingual mucosa specimens from seven neonates.
Telomere length in the epidermis was 12.8 (sample no. 1), 11.7 (no. 2), 12.4
(no. 3), 14.8 (no. 4), 13.2 (no. 5), 13.2 (no. 6), 14.0 (no. 7), and 13.3 (no. 8) kb,
and in the lingual mucosa 14.8 (no. 9), 13.2 (no. 10), 15.1 (no. 1), 12.0 (no. 2),
13.9 (no. 3), 13.6 (no. 6), and 13.9 (no. 8) kb. Large di¡erences among telo-
mere lengths in the neonates were demonstrated in both the epidermis and
lingual mucosa.
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(Takubo et al, 1999), gastric mucosa (Furugori et al, 2000), mixed
large and small intestine mucosae (Hiyama et al, 1996), large
bowel mucosa (Nakamura et al, 2000), vascular intima (Chang
and Harley, 1995), kidney (Melk et al, 2000), and liver (Aikata
et al, 2000; Takubo et al, 2000).We have reviewed all yearly telo-
mere reduction rates in human tissues or organs determined by
us and others (Takubo et al, 2002), and we have recently added
the rates in the thyroid and parathyroid glands (Kammori et al,
2002b). In this study we added rates for epidermis and lingual
epithelium. The yearly telomere reduction rates reported for all
human tissues have always been less than about 100 bp.
In this study, we were able to determine that telomere shorten-
ing occurred at a rate of 36 bp per y in the epidermis of 52
subjects and 30 bp per y in the lingual epithelium of 48
subjects. Although there have been no previous reports on the
yearly telomere reduction rate for lingual epithelium, reduction
rates of 19.8 bp per y have been reported in the epidermis of 21
subjects aged 0^92 y by Lindsey et al (1991), and of about 75 bp
per y in the skin of seven subjects aged 73^91y by Friedrich et al
(2000). Although in this study the telomeres in the epidermis of
our subjects were also signi¢cantly shorter than at birth, actual
reduction rates have varied widely from study to study.We have
reported that telomere lengths are characteristic of each human
individual (Takubo et al, 2002), and the standard deviations of
the mean telomere lengths in the neonates in this study were
rather large. These data suggest that telomere length must be
measured in a large number of subjects to determine accurate
reduction rates.
Our data for telomere length in epidermis and lingual epithe-
lium should be considered in the light of the fact that the mean
telomere length of human somatic cells has been reported to be
more than 13 kb at birth (Butler et al, 1998; Takubo et al, 1999;
2000; 2002; Furugori et al, 2000; Nakamura et al, 2000).
Telomere length in every organ of each individual is thought
to be the same at birth (Butler et al, 1998), but according to mea-
surements of telomere length in cerebral cortex and myocardium
it is a characteristic of each human individual (Takubo et al, 2002).
In addition, cell-proliferation-dependent telomere shortening
takes place in proliferating organs and tissues throughout life,
and thus telomere length in the epidermis and lingual epithelium
measured in this study was shorter than that at birth. The telo-
mere shortening rates in the epidermis and lingual epithelium
were signi¢cantly di¡erent, and we demonstrated that telomere
length in the epidermis was generally shorter than in the lingual
epithelium.
There have been no reports on the rate of telomere shortening
with each cell division of human epidermal or lingual epithelial
cells, either in vitro or in vivo, but the telomeres of human ¢bro-
blasts shorten by 31^81 bp per cell division in vitro (Harley et al,
1990), and those of lymphocytes shorten by 120 bp per cell divi-
sion in vitro (Vaziri et al, 1993). Previous reports (Lindsey et al, 1991;
Friedrich et al, 2000) and this study have shown that telomere
shortening rates in epidermal cells were 19.8, about 75, and 37 bp
per y, respectively. It is considered that the turnover time of epi-
dermis is more than 3 wk, however, whereas the turnover time of
lingual epithelium is very rapid, only 4^9 d (Cameron, 1970). The
proliferative zones of the epidermis and the lingual strati¢ed
squamous epithelium are basal layers lying on basement mem-
branes on the dermis and subepithelial layer, respectively. Accord-
ingly, the germ cells in the basal layers of the two tissues
may divide very many times per year, and tissues with a rapid
Figure 3. Regression analysis by the ¢rst and second measurements. (a) Regression analysis allowed calculation of a telomere reduction rate of 36 bp
per y in the epidermis of 52 subjects by the ¢rst measurement (clear circles, r¼0.510, po0.0001) and 39 bp per y in the epidermis of 34 subjects by the
second measurement (solid circles, r¼0.560, p¼ 0.0004). (b) Regression analysis allowed calculation of a telomere reduction rate of 30 bp per y in the
lingual epithelium of 48 subjects by the ¢rst measurement (clear square, r¼0.406, p¼ 0.0038) and 32 bp per y in the lingual epithelium of 43 subjects by
the second measurement (solid square, r ¼0.460, p¼ 0.0016). 1st, ¢rst experiment; 2nd, second experiment.
Figure 4. Correlation of telomere lengths in the 41 paired tissues
(¢rst experiment) and 21 paired tissues (second measurement) from
epidermis and lingual epithelium. Correlation of telomere lengths in
the normal epidermis and lingual epithelium of 41 and 21 individuals
showed highly signi¢cant links (data from ¢rst experiment, clear circles,
r¼ 0.842, po0.0001; data from second experiment, solid circles, r¼ 0.9322,
po0.0001). 1st, ¢rst experiment; 2nd, second experiment.
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turnover rate, such as lymphoid tissue and gastrointestinal tract
mucosae, would be expected to be more adversely a¡ected be-
cause of their accelerated telomere loss (Campisi, 1998). Telomere
shortening with aging is likely to be very severe in such tissues.
Although telomeres in the epidermis and lingual epithelium
tended to decrease with age, telomere shortening has been found
to be accelerated by drugs (Ishibashi and Lippard, 1998) and active
oxygen species, which are assumed to be one of the major environ-
mental causes of telomere shortening in humans (von Zglinicki
et al, 1995). If the telomere length reduction rates in the epidermis
and lingual epithelium in vivo are approximately the same as in
¢broblasts and lymphocytes in vitro, the reported yearly reduction
rates of 19.8, about 75, and 37 bp in the epidermis and 30 bp in the
lingual epithelium do not correlate with their turnover times.
The low yearly reduction rates in spite of rapid cellular renewal
in the epidermis and lingual epithelium suggest either a much
lower reduction rate per cell division than in in vitro studies on
¢broblasts and lymphocytes, or that the germ cells in the epider-
mis and lingual epithelium possess a mechanism that lengthens
telomeres.
The epidermis has been reported not to have highly increased
levels of telomerase activity, as determined by the TRAP assay
(Kim et al, 1994). Sun-damaged skin contains higher levels of tel-
omerase activity than sun-protected skin, however, and the telo-
merase activity is localized to the epidermis, suggesting that
telomerase is expressed constitutively by epidermal cells (Taylor
et al, 1996). Little expression of human telomerase RNA is detect-
able in most adult specimens from sun-protected epidermis (only
one of seven positive), whereas the epidermal basal cells in all
samples obtained from sun-exposed areas showed moderate
human telomerase RNA signals (eight of eight) (Ogoshi et al,
1998). Human telomerase reverse transcriptase catalytic subunit
expression was detected by the reverse transcriptase polymerase
chain reaction in only three of 19 normal skin samples, three of
nine samples from sun-exposed sites, and none of 10 samples
from sun-covered sites (Wu et al, 1999). Basal cells in normal
epidermis have been reported to possess telomerase activity
(HQrle-Bachor and Boukamp, 1996).We also demonstrated telo-
merase activity in epidermal and lingual tissues by the TRAP
assay in a minority of the subjects. The epidermis in this study
was obtained from sun-protected abdominal skin near the navel.
The above-mentioned reports and this study indicated that the
normal epidermis contained no or only slight telomerase activity.
Our ¢nding that telomeres in the epidermis are not shortened
rapidly despite its very rapid turnover rate suggests that the epi-
dermis contains telomerase activity or possesses mechanisms
to lengthen telomeres without telomerase. Telomerase activity
has been detected in normal oral mucosa by the TRAP assay
(Kannan et al, 1997). None of 14 normal oral tissue specimens pos-
sessed telomerase activity, however (Sumida et al, 1998).We plan
to use in situ hybridization with a new probe (Kammori et al,
2002a) to demonstrate human telomerase reverse transcriptase
catalytic subunit mRNA expression in the epidermis and lingual
mucosa as a means of determining whether this is true.
In our previous study (Takubo et al, 2002), signi¢cant correla-
tions were found between the telomere lengths of di¡erent tis-
sues, such as cerebral cortex, myocardium, liver, and renal
cortex, within the same individuals. There was also a very signif-
icant positive correlation between telomere length in the epider-
mis and that in the lingual epithelium, and this may also be
related to the ectodermal origin of these two tissues. It is sug-
gested that if the telomeres in one organ are long, then those in
other organs are long, and, conversely, that if the telomeres in one
tissue are short, then those in other tissues are short (Takubo et al,
2002). Consequently, our results suggest that individuals have
characteristic telomere lengths in the epidermis and lingual
epithelium at birth.
In this study, telomere length in the epidermis and lingual
epithelium exceeded 5^6 kb even in subjects of advanced age.
Average telomere length was never as low as the critical size in
any of the tissues whose telomere length we measured in this or
previous studies (Takubo et al, 1999; 2000; 2002; Furugori et al,
2000; Nakamura et al, 2000; Kammori et al, 2002b). Southern
blot analysis in these studies, however, yielded wide smears of
telomeric DNA rather than narrow bands, indicating very wide
variation of telomere length in each cell or chromosome. The
length of telomeres in an individual cell cannot be measured by
southern blot analysis, nor can the telomere length of individual
chromosomes be measured. The results of this study do not ex-
clude the possibility that the epidermis and lingual epithelium
may contain individual senescent cells or chromosomes with tel-
omeres shortened to the critical size of 5^6 kb. In human blood
vessels, telomere shortening with aging has been demonstrated in
endothelial cells (Chang and Harley, 1995), especially in athero-
sclerotic arteries (de Bono, 1998) and during hemodynamic stress
(Okuda et al, 2000). Telomeres of somatic cells shorten progres-
sively with each cell division, leading to genetic instability and
cell senescence (de Lange, 1995).We think that there is a relation-
ship between shortened telomeres in the epidermis and lingual
epithelium and the macroscopic and microscopic characteristics
of the skin and lingual mucosa in the aged, as well as between
shortened telomeres in blood vessel endothelium and atherosclerosis
Figure 5. Representative autoradiogram showing 6 bp telomerase ladder signals obtained by the TRAP assay in epidermis and lingual
epithelium of 11 of the 12 subjects and their telomere lengths. Telomerase activity is detected in the positive control (Siha cells without RNase),
normal epidermis of an 84-y-old male, and lingual epithelium of an 84-y-old male and 86-, 94-, and 101-y-old females without RNase. The activity is
not detected in the negative controls (lysis bu¡er, Siha cells with RNase), epidermis and lingual epithelium without RNase of seven males or females aged
0^79 y, and lingual epithelium of an 84-y-old male and 86-, 94-, and 101-y-old females with RNase.The activity is also not detected in epidermis or lingual
epithelium of an 84-y-old male with RNase. Age, years old; M, male; F, female; Lysis, lysis bu¡er; Siha, Siha cells; E, epidermis; L, lingual epithelium; ,
without RNase; +, with RNase; ITAS, internal telomerase assay standard (150 bp); TRFs, telomere lengths.
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(de Bono, 1998; Samani et al, 2001). It remains to be investigated
whether critical telomere shortening in the epidermis and lingual
epithelium contributes to senescence, and further information
about telomere shortening in individual cell types is needed.
Further studies also need to clarify whether cells that have not
reached their telomere limits can undergo functional changes.
This work was partly supported by a Grant-in-Aid (12218106, 12218239) for Science
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and Culture of Japan.
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